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SPECIFICATION 

CIRCUIT BOARD 

TECHNICAL FIELD 

The present invention relates to a circuit board. The 
present invention specifically relates to a circuit board 
including an insulating base board and a metal member provided 
on the base board. The metal member is welded to a terminal 
for external connection. 

BACKGROUND ART 

Fig. 7 illustrates a conventional circuit board (refer 
to the following patent document 1) . The illustrated circuit 
15 board X is used in e.g. battery pack for a mobile telephone . 
In this case, the circuit board X is provided with a protection 
circuit for preventing over discharge and overcharge of a 
rechargeable battery incorporated in the battery pack. As 
shown in the figure, the circuit board X includes an insulating 
20 base board 91 and a pair of rectangular metal plates 93 provided 
on the base board 91. The base board 91 is provided with a 
plurality of electronic components 92. Though not shown, a 
wiring pattern is formed on the base board 91 arid connects 
the electronic components 92 and the metal plates 93 to each 
25 other. 

As shown in Fig. 7, each of the metal plates 93 is welded 
to a conductive strip '95. Specifically, one end of the 
conductive strip 95 is welded to the metal plate 93, and the 
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rest laterally protrudes beyond the base board 91. This 
protruding portion is bent into a predetermined form to be 
used as a connecting terminal relative to the rechargeable 
battery. As shown in Fig. 8,. the welding process of the 
conductive strip 95 may be performed utilizing a welding device 
Y having two welding rods 97 (refer to the following patent 
document 2 ) . 

Patent Document 1: JP-A-2002-208788 

Patent Document ' 2 : JP-A-2002-144047 

As shown in Fig. 9, the metal plate 93 is bonded to a 
pad 94a^ which is a part of the wiring pattern, via a solder 
layer 96. The solder layer '96 covers entire under surface 
of themetal plate 93 Due to this structure, following problem 
occurs. 

As shown in Fig. 9^, in welding the conductive strip 95 
to the metal plate 93, the welding rod 97 is pressed onto the 
conductive strip 95, so that the conductive strip 95 contacts 
the metal plate 93 intimately. In this state, an electric 
current is applied to the strip 95 and to the metal plate 93 
through the welding rod '97 . Due to heat caused by the electric 
current, the strip 95 is welded to the metal plate 93. This 
technique is commonly known as ^^resistance welding". 

According to the conventional structure, the heat in 
welding tends to be transferred to the solder layer 96 via 
the metal plate 93, and may melt the solder layer 96. Further, 
depending on the welding condition (such as the amount of 
pressing force of the welding rod 97 or the amount of electric 
current to be applied) , the melted solder may be scattered 



around the metal plate 93. If this scattered solder sticks 
to the electronic components 92, these components may not work 
normally, or may be damaged- To solve this problem, the 
electronic components 92 may be sealed by resin. However, 
if such structure is used, the number of manufacturing process 
or components is increased, and thus the product cost is 
increased . 

DISCLOSURE OF THE INVENTION 

The present invention has been proposed under the 
above-described circumstances. It is therefore an object of 
the present invention to provide a circuit board for properly 
preventing solder from scattering about in welding . 

In order to achieve this object, the present invention 
employs technical means described be.low. 

A circuit board according to the present invention 
comprises an insulating base board, a conductive pad provided 
on the base board, and a metal member bonded to the pad via 
a solder layer and including a welding portion to which a 
weldable object is welded. An air gap exists between the 
welding portion of the metal member and the base board, and 
the welding portion and the solder layer are spaced from each 
other via the air gap. 

According to the structure, differently from the 
conventional art (where the solder layer is provided at entire 
under surface of the welding portion) , the welding portion 
does not contact the solder layer due to the air gap. The 
air gap has an effect of preventing the heat, which is caused 



in welding the welding portion and the weldable object, from 
being transferred to the solder layer (heat insulation effect ) . 
Thus, the structure is capable of reducing the possibility 
that the solder layer melts due to the heat in welding, and 
5 thus is capable of preventing the melted solder layer from 
scattering around to stick to the peripheral electronic 
components. As a result, error or damage of the electronic 
components can be prevented. Further, as the electronic 
components do not require to be sealed by resin for protection, 
10 the number of manufacturing process or components is prevented 
from increasing, thereby preventing the product cost from 
increasing. 

Preferably, the metal member is formed with a recess which 
serves as at least a part of the air gap. 
15 Preferably, the metal member includes two ends folded 

back in a common direction, and a space between the ends serves 
as at least a part of the air gap. 

Preferably, the metal member includes two ends and a 
central portion which is positioned higher than the ends, and 
20 a space between the two ends forms the recess. 

Preferably, the recess is formed by etching the metal 
member . 

Preferably, the metal member is a flat pipe having a hollow 
portion, and the hollow portion serves as the air gap. 
25 Preferably, the solder layer is divided into a plurality 

of areas spaced from each other, and a space between the 
plurality of solder areas serves as at least a part of the 
air gap. 



Preferably, the pad is divided into a plurality of parts 
each corresponding to respective one of the plurality of solder 
areas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view illustrating a circuit board 
according to a first embodiment of the present invention. 

Fig. 2 is a sectional view illustrating a principal 
portion of the circuit board taken along lines II-II of Fig. 
1. 

Fig. 3 is a sectional view illustrating a principal 
portion of the circuit board according to a second embodiment 
of the present invention. 

Fig. 4 is a sectional view illustrating a principal 
portion of the circuit board according to a third embodiment 
of the" present invention. 

Fig.* 5 is a sectional view illustrating a principal 
portion of the circuit board according to a fourth embodiment 
of the present -invention. 

Fig. 6 is a sectional' view illustrating a principal 
portion of the circuit board according to a- fifth embodiment 
of the present invention. 

Fig. 7 is a perspective view illustrating a conventional 
circuit board. 

Fig. 8 is a perspective view illustrating an example of 
a welding device. 

Fig. 9 is a sectional view illustrating a principal 
portion of the conventional circuit board taken along IX-IX 



lines of Fig . 7 . 



BEST MODE FOR CARRYING OUT THE INVENTION 

Preferred embodiments of the present invention are 
specifically described below with reference to the 
accompanying drawings . 

Fig. 1 illustrates a circuit board according to a first 
embodiment of the present invention. The illustrated circuit 
board Al is one of the units included in e.g. battery pack 
of a mobile telephone. Specifically, the circuit board Al 
is provided with a protection circuit for preventing over 
discharge and overcharge of a rechargeable battery (not shown) 
incorporated in the battery pack. The circuit board Al 
includes an insulating base board 1 and a pair of metal members 
3. The base board 1 is provided with a plurality of electronic 
components 2. 

The base board 1 is made of e.g. glass. epoxy resin, and 
takes the shape of an elongated rectangle in plane. The 
electronic components 2 provide the protection circuit. The 
upper surf ace of the base board 1 is formed with a wiring pattern 
4 . 

Each of the metal members 3 made of e.g. nickel is 
rectangular. As described below, the upper surface of the 
metal member 3 is to be welded with a terminal 5. As shown 
in Fig. 2, the ends of the metal member 3 are folded back toward 
its lower surface to form a pair of folded portions 3b spaced 
from each other. 

The metal member 3 is connected to a pair of pads 4a 



integrally formed at the wiring pattern 4^ via a pair of solder 
layers 6. The pads 4a are spaced from each other and each 
of the pads 4a is bonded to a corresponding one of the folded 
portions 3b. The distance between the pads 4a is the same 
as, or similar to the distance between the- folded portions 
3. The central portion of the metal member 3 and the base 
plate 1 are spaced from each other through an air gap 7. 

Next, technical advantages of the "circuit board Al is 
described below. 

In use of the circuit board Al, the elongated rectangular 
terminal 5 is welded to the upper surface of the metal member 
3. In this welding process, as shown in Fig. 2, the terminal 
5 is pressed ,to the metal member 3 by a welding rod 8 of a 
welding device B. Specifically, the welding rod 8 presses 
a part of the terminal 5 (in contact with the welding rod 8) 
to a part of the metal member 3 (hereinafter referred to as 
^^welding portion 3a") . In this state, by energizing through 
the welding rod 8, the metal member 3 and the terminal 5 are 
welded together. Through the welding process, as shown in 
the. same figure, the terminal 5 is positioned to be partly 
protruding beyond the base board 1 in the lateral direction. 
This protruding portion is accordingly bent to form a terminal 
for connection to the rechargeable battery. 

In the above embodiment, the welding portion 3a does not 
.directly contact the solder layers 6, so that the heat caused 
in welding is prevented from being transmitted to the solder 
layers 6. This structure reduces the possibility that the 
solder layers 6 melt in welding, and thus the melted solder 



is less likely to be scattered about. Therefore^ the problem 
in the conventional art such as error or damage of the electronic 
components can be properly prevented. 

Further in the above embodiment, the solder layers 6 are 
not provided right below the welding portion 3a (see Fig. 2) . 
Thus, even if the metal member 3 is pressed by the welding 
rod 8 downwardly to be deformed, the welding portion 3a does 
not contact the solder layers 6. This structure is suitable 
to prevent the solder layers 6 from melting (and thus to prevent 
the melted solder from being scattered about) . As the pads 
4a are spaced from each other, the solder layers 6 can be easily 
spaced from each other. Suppose that, differently, from the 
above structure, the metal member 3 is bonded to only one pad, 
following problem may be caused. For example, the metal 3 
is fixed to a pad by reflow soldering. In this case, even 
if solder paste is applied to a plurality of divided areas 
spaced from each other on the pad, the solder paste melted 
in a heating process tends to be combined on the pad and to 
cover the entire upper surface of the pad. As a result, a 
solder layer is formed right below the welding portion 3a, 
and the above-described technical advantages cannot be 
obtained. 

The metal member 3 can be made as follows. First, a 
rectangular metal plate elongated in one direction is prepared . 
Next, two side ends extending in the longitudinal direction 
of the metal plate are folded back toward its lower surface. 
Then, the metal plate is cut at predetermined intervals in 
the longitudinal direction (each of the cut lines extends in 

8 



a direction perpendicular to the longitudinal direction of 
the metal plate) . In this way, a plurality of metal members 
3 can be made of one metal plate efficiently. 

Figs. 3-6 illustrate circuit boards according to other 
embodiments of the present invention. In the figures, 
elements identical or similar to those in the above first 
embodiment are given the same reference numbers. 

Fig. 3 illustrates a circuit board A2 according to a second 
embodiment of the present invention. A metal member 3 of the 
circuit board A2 includes a flat central portion 3a and two 
flat ends 3d sandwiching the central portion. As shown in 
the figure, the metal member. 3 is bent at predetermined portions 
so that the central portion 3a is positioned higher than the 
ends 3d. In other words, the metal member 3 includes a recess 
3c formed between the ends 3d. The central portion 3a and 
the ends 3d are connected by connecting portions 3e- 

In the second embodiment, similarly to the first 
embodiment, the central portion (welding portion) 3a is spaced 
from the base plate 1 through an air gap 7, and solder layers 
6 .are not provided right below the central portion 3a. This 
structure properly prevents the solder layers 6 from melting 
due to the heat in welding or from being scattered around. 
Such metal member 3 can be easily made by a pressing process 
utilizing a punch and a die. Further, a plurality of metal 
members 3 can be made of one elongated metal plate. 

Fig. 4 illustrates a circuit board A3 according to a third 
embodiment of the present invention. In the present 
embodiment, the bottom portion of the metal member. 3 is partly 



removed through an etching pr.ocess to form a recess 3c . Further 
in the present embodiment^ the metal member 3 is bonded to 
one pad 4a via one sold layer 6. The sold layer 6 covers the 
entire upper surface of the pad 4a, 

According to the third embodiment, the recess '3c can be 
formed into a proper form at a correct position through the 
etching process. Further, similarly to the above-described 
embodiments, the metal member 3 can be efficiently manufactured 
Specifically, an elongated rectangular metal plate is etched 
to form a groove extending in the longitudinal direction of 
the metal plate. Thereafter, the metal member is cut at 
predetermined intervals in the longitudinal direction, 
thereby obtaining a plurality of metal members 3. 

In the third embodiment, differently from the first and 
the second embodiments, the solder layer 6 is not divided into 
a plurality of separated -parts . However, even in this 
structure, an air gap 1 exists between the welding portion 
3a and the solder layer 6. Thus, the solder layer 6 can be 
prevented from unduly melting in the heat in welding. 

Fig. 5 illustrates a circuit-board A4 according to a fourth 
embodiment of the present invention. The circuit board A4 
includes a flat pipe-shaped metal member 3, and an air gap 
7 exists at the hollow portion of the metal member 3 . As shown 
in the figure, the upper portion of the metal member 3 serves 
as a welding, port ion 3a to be welded to a terminal 5, and the 
lower portion of the metal member 3 serves as a soldering portion 
3f to be bonded to a pad 4a via a solder layer 6. 

According to the fourth embodiment, the welding portion 
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3a and the soldering portion 3f have a substantially the same 
dimension as viewed in plane of the metal member 3, This 
structure enlarges the welding area of the terminal 5 and the 
metal member 3 as well as the bonding area of the metal member 
3 and the pad 4a, thereby improving the bonding strength 
therebetween. Further, the air gap 7 can also be enlarged 
to a size substantially equal to the metal member 3 as viewed 
in plane, thereby improving the heat insulation effect against 
the heat in welding . The metal member 3 can be made by radially 
pressing and flattening a pipe having a proper length, and 
by cutting this pipe at predetermined intervals in the 
longitudinal direction . 

Fig. 6 illustrates a circuit board A5 according to a fifth 
embodiment of the present invention. The circuit board A5 
includes a flat metal member 3 which is bonded to a pair of 
pads 4a via a pair of solder layers 6. Even with this metal 
member 3, an air gap 7 exists between a welding portion 3a 
and a base plate -1, so that the solder layers 6 are prevented 
from unduly melting in the heat in welding . Further, the metal 
member 3 shown in Fig . 6 can be easily manufactured a sit requires 
no bending or etching process , thereby advantageously reducing 
the manufacturing cost. 

The circuit board according to the present invention is 
not limited to the. above-described embodiments, though may 
be modified in various ways. 

For example, the recess formed at the metal member 3 is 
not limited to a groove extending in one direction, but may 
be a hole surrounded by walls . In providing the folded port ions 
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to the metal member, substantially entire circumference of 
the metal member may be folded back to surround the central 
portion of the metal member. Similar structure may be applied 
to the embodiment where the metal member is formed with a recess 
through the pressing or etching process. 

The circuit board according to the present invention is 
not limited to be provided with a protection circuit of a battery 
pack, Themember to be welded to the metal member is not limited 
to an elongated rectangular terminal, but may be a pin for 
electrical connection, for example. 
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